We evaluated the effects of the 2010 revision of the medical payment system on the length of stay (LOS). In this analysis, we assessed not only the average length of stay (ALOS), but also variance of LOS at individual hospitals. We used a dataset of 18,641 type 2 diabetes patients collected from 51 general hospitals. The variables found to affect LOS were age, comorbidities, complications, acute hospitalization, introduced by other hospitals, winter, one-week hospitalization, specific hospitalization period, and principal diseases coded E11.5, E11.6 and E11.7. Although the effect was marginal, the 2010 revision did reduce ALOS, and the reduction was larger as ALOS became longer. On the other hand, we did not find that the variance of LOS within hospitals became smaller. The results of the study suggest that new incentives and assistance to hospitals to help them make efficient use of medical information are needed.
portant report, "Japan Vision: Healthcare 2035", to Minister Shiozaki. The discussion on "sustainable financing" of the Japanese medical system is one of the most important parts of this report [2] . Japanese medical costs reached 40 trillion yen in fiscal year 2013 [3] . And they are expected to increase rapidly as the population ages. Japan has a mandatory health insurance system. Direct payments by patients represented just 12% of total costs, while public expenditures and insurance premiums constituted 39% and 49% of these costs, respectively. Therefore, it is truly a serious problem whether the Japanese medical payment system is financially sustainable or not.
A medical payment system based on the Diagnosis Procedure Combination (DPC) was introduced in April 2003 for special functioning hospitals; these included university hospitals and leading national medical institutes considered to have the ability to demonstrate the best medical practices in Japan. Hence, these hospitals have been heavily supported by the government. The system has been called the DPC/PDPS (per diem payment system) since 2010. Unlike the Diagnosis-Related Group/Prospective Payment System (DRG/PPS) used in several other countries, the Japanese DPC/PDPS is a per diem prospective payment system. It identifies three periods (Periods I and II and the Specific Hospitalization Period), and daily payments in the periods are determined for each DPC code. For details, see Nawata et al. [4] . The DPC/PDPS was expanded to general hospitals in April 2004, and it has been revised every other year since then.
Joining the DPC/PDPS is not compulsory; hospitals can choose freely to join or not if they satisfy the necessary conditions [5] . As of April 2013, 1496 hospitals were participating in the DPC/PDPS, and additional 244 hospitals were preparing to join (hereafter, we refer to these hospitals as DPC hospitals). DPC hospitals compromised 23.1% of the 7528 general hospitals in Japan, and had 509,482 beds, 56.6% of the 899,385 beds in all general hospitals [6] . Table 1 presents the number of hospitals joined the DPC/PDPS and beds by hospital size. A clear trend is evident in these data; namely, that likelihood of DPC participation increases with hospital size. Among small hospitals with fewer than 100 beds, only 5.7% have joined the DPC/PDPS. These hospitals had 10.3% of the beds in this category. Among middle-sized hospitals with 200 -400 beds, 41.6% had joined, with 64.8% of beds in this category. Finally, among large hospitals with 500 or more beds, 65.1% had joined, representing more than three-quarters (77.6%) of the beds in this category. The DPC/PDPS has been revised every other year since 2004. In general, the three periods have been shortened, and daily payments reduced in these revisions. It is absolutely necessary to evaluate the effects of the revisions properly for efficient use of medical resources in Japan.
In this paper, we analyze the length of stay (LOS) in hospitals for diabetes patients. The medical cost of diabetes in Japan was 1208 billion yen in fiscal year 2013, accounting for 3% of total medical costs. It is thus a very costly disease [3] . This is the case worldwide. Estimates of the International Diabetes Federation (IDF) put the worldwide total medical cost for diabetes at $612 billion in 2014 [7] . Diabetes may also cause more serious and costly complications [8] [9] . Various researchers have pointed out that the risk of fatality increases, LOS becomes longer, and medical costs increase if a patient has diabetes as a comorbidity [10] [11] [12] [13] [14] [15] [16] . As a result, the true medical cost of diabetes might be much higher than the direct one [17] . In addition to the direct medical costs, diabetes reduces the labor and productivity of patients [18] [19] [20] . In the United Sates, the total cost of diabetes was estimated at $245 billion in 2012 [21] . A large part of the medical cost incurred by diabetic patients is determined by LOS. However, LOS for diabetic patients has not been widely studied, and until recently, only a few studies [22] [23] had been conducted on this issue in Japan. Nawata and Kawabuchi [5] [24] [25] analyzed the LOS of type 2 diabetes patients. These studies found there were surprisingly large differences in average length of stay (ALOS) among hospitals, even after eliminating the effects of patients' characteristics for both educational hospitalization (patients join programs to improve their lifestyle) and regular medical treatments. However, the effects of the DPC/PDPS revisions on individual hospitals were not analyzed in these studies. It is necessary and important to analyze the behaviors of individual hospitals and give hospitals proper medical and managerial advice and assistance in using medical information more efficiently.
In this paper, we analyze the effects of the 2010 revision (completed April 2010) on LOS of type 2 diabetes patients (DPC code: 100070xxxxxx0x) in individual hospitals. We consider not only ALOS but also the variance at individual hospitals. The Box-Cox transformation model [26] (BC model) under heteroscedasticity of error terms was used in the analysis. Sakia [27] and Hossain [28] have presented good summaries of the BC model, including empirical examples. The maximum likelihood estimator (BC MLE), which maximizes the likelihood function under the normality assumption, is usually used for the estimation of the BC model. However, the BC MLE cannot be generally consistent, and has large biases, especially under heteroscedasticity of error terms [29] . Heteroscedasticity is a very important problem in the BC model, as was mentioned even in the original paper by Box and Cox [26] . The variances of LOS are often very different among hospitals. Therefore, we use an estimator that is robust with respect to heteroscedasticity for analysis of the LOS of type 2 diabetes patients. A dataset of 18,641 patients collected from 51 general hospitals was used. Since we evaluated not only ALOS but also variance within hospitals, selected hospitals had at least 50 patients both before and after the 2010 revision.
Model

BC Model
Suppose that the LOS of patient j in hospital i is given by the BC model: 
, where 1 t = and 2 t = denote periods before and after the revision, respectively.
A Consistent Estimator under Heteroscedasticity
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2010 DPC/PDPS Revision for Diabetes and Data
2010 DPC/PDPS Revision for Diabetes
A revision of the DPC/PDPS was completed in April 2010, during the sample period. The daily payments to hospitals before and after the 2010 revision (DPC code: 100070xxxxxx0x) are listed in Table 2 . Although Japanese medical payments are measured in points (hospitals are paid 10 yen per point), we use yen for convenience. In the 2010 revision, payment for the eighth day was increased 5240 yen, but daily payments for the first to the seventh days were reduced by 990 yen, and after the ninth day, the reduction was 1160 yen (if LOS was longer than 29 days, payments were determined on a conventional fee-for-service basis). As a result, payment was reduced 12,440 yen or 3.5% for a LOS of 16 days.
Data
We used the dataset managed by the Department of Health Care Economics at the Tokyo Medical and Dental University. Various information concerning patients' conditions, medical costs and treatments were available. In the case of diabetes, the dataset contains information on 27,861 patients, collected from July 2008 to March 2012 with the cooperation of various hospitals (currently, the dataset is the latest one and was updated in 2015). The DPC code for 22,430 patients (about 80% of all patients) was 100070xxxxxx0x (type 2 diabetes patient without diabetic ketoacidosis and secondary diseases). For details, see Nawata and Kawabuchi [24] . We used the data of patients: 1) who were treated in clinical departments that mainly treat diabetes; 2) whose primary disease and the disease that caused hospitalization were diabetes; 3) who had not received operations; and 4) whose purpose for hospitalization was joining an educational program or receiving regular medical care. Since we were evaluating the effects of the 2010 revision and analyzing variance of LOS in hospitals, we used the data of patients in 51 hospitals (Hp1-51) where there were more than 50 patients both before (July 2008-March 2010) and after (April 2010-March 2012) the revision. There were 18,475 patients in these hospitals. Table 3 presents a summary of LOS by hospitals. Before the 2010 revision, the number of patients was 8591 and the ALOS at all the hospitals was 16.7 days, with a standard deviation (SD) of 10.8 days. Among hospitals, the shortest ALOS was 9.4 days (HP22) and the longest was 33.5 days (HP41). As to the SD, the smallest was 3.7 days (HP22) and the largest was 23.4 days (HP41). After the 2010 revision, the number of patients was 9870 and the ALOS for these patients was 16.3 days with a SD 10.9 days. The shortest ALOS among hospitals was 9.6 days (HP13) and longest was 43.6 days (HP41). The smallest SD was 3.3 days (HP26) and the largest was 25.6 days (HP41). There were surprisingly large differences not only in ALOS but also in SD.
Results of Estimation
Estimation of the BC Model
We chose the following as explanatory variables. The Female Dummy (0: male, 1: female) was used for gender. Figure 1 shows the relation between LOS and number of patients. Many patients were discharged from the hospital on the eighth day (one week hospitalization). Therefore, we added a Day-8 dummy (left on the eighth day: 1, otherwise: 0). Furthermore, if the LOS exceeded the Specific Hospitalization Period (29 days), the medical payment switched to a conventional fee-for-service system. Hence, we added an Over-Specific-Hospitalization-Period Dummy (LOS over 29 days: 1, otherwise: 0), and found that 7.9% of patients, relatively small number of patients, stayed over 29 days. For principal disease classification, dummy variables based on the ICD-10 code E11.9 (without complications) were used. In terms of classification, 31.9% of patients had diseases classified under E11.9, 5.9% had diseases under E11.2 (with kidney complications), 7.2% had diseases under E11.3 (with ophthalmic complications), 6.2% had diseases under E11.4 (with neurological complications), 0.8% had diseases under E11.5 (with circulatory complications), 14.2% had diseases under E11.6 (with other specified complications), and 32.0% had diseases under E11.7 (with multiple complications). To evaluate the effects of the 2010 revisions on individual hospitals, 51 Hospital dummies and products of hospital dummies, and a 2010 Revision dummy (after 2010 revision: 1, otherwise: 0) were used. The constant term was not used in the model.
As a result,
of Equation (1) 
The estimates of coefficients are presented in Table 4 . The estimate for Age was positive and significant at the 5% level; that implies LOS was longer if a patient was older. The Female and Age-70 Dummies were not significant, however, although Sittig, Friedel and Wasem [31] reported that gender affected medical costs of type 2 diabetes outpatients. We could not admit the effects of these variables. The estimate for the Educational Dummy was negative and significant at the 1% level, implying that LOS was shorter if the purpose of hospitalization was not medical treatment. The estimates for the Comorbidities and Complications were positive and significant at the 1% level. As expected, comorbidities and complications made LOS longer. The estimates for Acute Hospitalization and Other Hospital Dummies were also positive and significant at the 1% level, and these variables made LOS longer. However, the estimates for Outpatient and Discharged Place Dummies were not significant, and we could not find any evidence that LOS depends on these variables.
The estimate for the Winter Dummy was negative and significant at the 5% level, while the estimate of Summer Dummy was not significant. This implies that the LOS became shorter in the winter but not in summer. The estimates of Day-8 and Over-Specific-Hospitalization-Period Dummies were significant at the 1% level and these variables affected the LOS. Since the Japanese society and hospital administration are usually operated a weekly base. Moreover, the daily payment increased on the eighth day, the incentive to discharge the patients on the eighth day became stronger by the revision. The estimate of Over-Specific-Hospitalization-Period Dummy is 5.386, which was much larger than the estimates of other variables. The daily payments become the conventional fee-for-service over the Specific Hospitalization Period, and daily payment does not decrease anymore. In other words, the incentives for hospitals to discharge patients become very weak once their LOS exceeds the Specific Hospitalization Period. This is one problem of the DPC/PDPS and should be revised in the future. With respect to the principal disease classifications, the estimate for the E11.5, E11.6 and E11.7 Dummy were positive and significant at the 5% and 1% levels, but none of the other estimates was significant at the 5% level. There were surprisingly large differences among the estimates of Hospital Dummies. The largest was 6.878 (HP41) and the smallest was 3.718 (HP44), and the difference was 3.159. This implies that there were very large differences in ALOS among hospitals even after eliminating the effects of patients' conditions and principal diseases. For the products of hospital dummies and after 2010 dummy, estimates of 5 hospitals were positive and significant at the 5% level, and 12 hospitals were negative and significant at the 5% level. The correlation coefficients of estimates of Hospital Dummies and (Hospital Dummies × 2010 Revision Dummy) was −0.283 and significant at the 5% level. This implies that although the amount of reduction was rather small, the 2010 revision reduced the ALOS of hospitals and ALOS became shorter if the ALOS was longer before 2010 revision.
Estimation of Variances
The estimates of
σ , are represented are Table 5 . There were large differences in 2 it σ , and the feasibility of the proposed model was strongly suggested. Before the 2010 revision (t = 1), the variance of all patients was σ become asymptotically independent, and we can use the standard F-test of variance for heteroscedasticity. For all patients, the F-statistic, from testing the change of variance in the periods before and after the 2010 revision, was F = 0.998 and not significant at the 5% level. The variance significantly decreased for 8 hospitals, but significantly increased for 10 hospitals at the 5% level. We could not find any clear evidence that the variance decreased after the 2010 revision.
Discussion
The introduction and revisions of the DPC/PDPS have affected behaviors of hospitals and patients in several different ways. The daily payments, which are the marginal revenue of the hospital, decrease as the LOS becomes longer. In other words, the DPC/PDPS is designed to give hospitals an incentive to reduce the LOS. Second, it has affected hospitals' reputation. The three periods determined by the DPC/PDPS represent the standard LOS, which were not clear to the public before. Moreover, various information regarding DPC hospitals, such as ALOS by hospital and DPC codes, was officially disclosed [32] . Since it has become possible to compare hospitals throughout the nation, the criticism for unnecessarily long LOS will likely become more serious as time passes. Reputation is considered very important. Despite the fact that joining the DPC/PDPS imposes financial and operational burdens on hospitals [5] , most large hospitals joined the DPC/PDPS. Reputation is one reason why, because the public and patients tend to think DPC hospitals are better than non-DPC hospitals.
Third, DPC hospitals are required to computerize their medical information. This can help hospitals improve and standardize their medical treatments. These arguments suggest that while the introduction and revisions of the DPC/PDPS affect LOS, the effects are different depending on the type of patient. Hospitals have strong incentives to reduce LOS for patients with long hospitalizations, but the incentives are weak (or nonexistent) for patients with shorter LOS. Therefore, the effects of the introduction and revisions to hospitals might not be the same. Hospitals that have many long LOS patients (and therefore, long ALOS) are more likely to be affected. This means that the scattering of ALOS among hospitals becomes smaller.
Furthermore, hospitals try to reduce long LOS patients within hospitals and that makes variances of LOS within hospitals smaller. The proper use of medical information obtained by the joining DPC/PDPS will help hospitals to standardize medical practices within their facilities. This effect will become more apparent as time passes. Although we did not consider progress in medical technologies, it is possible that it would reduce both ALOS and variance within hospitals. All these arguments lead us to the same conclusion; that is, ALOS and variance of LOS within hospitals in the period after the 2010 revision should be smaller than those in the period before the 2010 revision.
The results of our study provided only limited support for these arguments. It is true that the ALOS became shorter, especially for the hospitals with long ALOS. However, the effects were marginal, with ALOS shortened only a small amount. Moreover, we could not find any evidence that variance of LOS within hospitals was reduced. The facts imply that the current DPC/PDPS did not work properly to improve and standardize the medical system. Introduction and modification of proper hospitalization schedules and clinical paths may be necessary, especially for hospitals with long ALOS and large variance of LOS. Incentives and advice on the effective use of medical information are absolutely necessary. The problems caused by the Specific Hospitalization Period should also be reviewed. These are subjects to be considered in further revisions of the DPC/PDPS.
Conclusions
In this paper, we consider an analysis of LOS of type 2 diabetes patients by the Box-Cox transformation model when variance differs among hospitals, and the number of hospitals increases to infinity. In the study, we evaluated effects of the 2010 revision of the DPC/PDPS, analyzing not only ALOS but also variance of LOS of individual hospitals. There were large differences among hospitals, and the feasibility of the proposed model was strongly supported. We then analyzed the dataset of 18,641 patients collected from 51 general hospitals that had at least 50 patients in the periods both before and after the 2010 revision.
The variables found to affect LOS were age, comorbidities, complications, acute hospitalization, introduced by other hospitals, winter, one-week hospitalization, specific hospitalization period, and principal diseases coded E11.5, E11.6 and E11.7. There were surprisingly large differences in both ALOS and variance of LOS among hospitals, even after eliminating effects of patients' conditions and principle diseases. Although the effect was marginal, the 2010 revision reduced ALOS, and this reduction increased for longer ALOS. On the other hand, we could not find any evidence that variance of LOS within hospitals became smaller. If the DPC/PDPS works properly and obtained information is correctly used, variance within hospitals should be smaller. The major goal of this study was to evaluate whether the DPC/PDPS worked properly or not. In the case of this disease, the answer seems to be no: the results of the study suggest that the DPC/PDPS did not work properly and the computerized information was not used effectively. Therefore, giving hospitals incentives and advice on the efficient use of medical information are necessary in future revisions of the DPC/PDPS. The problems with the Specific Hospitalization Period should also be reconsidered. It will be necessary to analyze other important types of diseases, such as cancer, to further evaluate the sustainability of the Japanese medical payment system.
In this study, we employed the Box-Cox transformation model. However, there are other types of models for analyzing LOS, and the selection of a proper model is very important in empirical analyses. Basu, Manning, Mullahy [33] compared log-transformation, gamma regression, Weibull regression and Cox [34] propotional hazard models in a Monte Carlo study. However, their study failed to determine the best model. These are subjects to be analyzed in future studies.
